Introduction
Magnesium (Mg) and its alloys have gained an increasing attention due to their low density (~1.8 g/cm 3 ), high specific solidity, good machinability and damping capacity [1] [2] . However, relatively inferior tensile strength and creep resistance of Mg alloys at elevated temperatures in comparison with competitive Al alloys, have limited their further utilization as weight-saving structural material in automotive and aerospace applications. Consequently, principal researches for widespread use of the Mg alloys have focused on the improvement in mechanical properties at elevated temperatures [3] [4] [5] [6] .
It is well established that rare earth metals (RE) and Strontium (Sr) are very beneficial in improving high temperature strength and creep resistance of the Mg alloys by an introduction of Al-RE, Al-Sr and/or Mg-Al-Sr compounds possessing high thermal stabilities [7] [8] [9] . In spite of numerous works on RE and/or Sr-containing Mg-Al based alloys [7] [8] [9] [10] [11] [12] , however, efficiencies of RE and Sr elements in mechanical properties at room and elevated temperatures have not been comparatively investigated. In this study, we report on the changes in microstructures and tensile properties at room and elevated temperatures with Sr content in Mg-6%Al-(3-X)%RE-X%Sr (X = 0~3) permanent mold casting alloys.
Experimental
Four Mg-6%Al based alloys containing 3%RE, 2%RE-1%Sr, 1%RE-2%Sr and 3%Sr (in weight), respectively, were prepared by melting 99.9%Mg, 99.9%Al, 99.0%RE (Ce-rich misch metal, ~55% of Ce, ~22% of La, ~18% of Nd and ~5% of Pr) and 99.0%Sr under a (SF 6 + CO 2 ) covering gas and casting into a metallic mould. From the ingots, various specimens for optical microscopy (OM), scanning electron microscopy (SEM), X-ray diffractometry (XRD), tensile and creep tests were prepared by machining. Chemical compositions of experimental alloys determined by means of ICP, are listed in Table 1 Effect of Sr Substitution for RE on Microstructure and Tensile Properties in Mg-Al-RE Casting Alloys -Joong-Hwan Jun
etched with a solution of 5 mL acetic acid + 6 g picric acid + 10 mL H 2 O + 100 mL ethanol.
Results and Discussion

Microstructures
Optical microstructures for Mg-6%Al-(3-X)%RE-X%Sr alloys are represented in Fig. 1 . As reported in a previous work [10] , the microstructure of Mg-6%Al-3%RE alloy is distinctively characterized by random distribution of clusters of needle-like Al 4 RE intermetallic compounds within α (Mg) grains and small amount of β(Mg 17 Al 12 ) phase with fine particular morphology. It is well known that the Mg-Al binary alloy shows inferior high temperature strength and creep resistance because the β phase with 437 o C of low melting temperature is easily softened and coarsened at elevated temperature above 120 o C [13] .
Dominance of Al 4 RE compounds in the Mg-6%Al-3%RE alloy ( Fig. 1(a) ) may well be attributed to the higher chemical interaction of Al and RE elements and higher forming temperature of Al 4 RE than β phase, which results in the early consumption of Al atoms before formation of β phase during solidification. It is noted in Fig. 1 that with increasing Sr content, dendritic morphology of α grains becomes obvious and the amount of eutectic phase at the interdendritic region increases gradually. Secondary electron images for the Mg-6%Al-(3-X)%RE- X%Sr alloys are given in Fig. 2 . Fig. 2 (Fig. 2(c) and (d) ). The Mg-6%Al-3%Sr alloy shows dendritic grains and interdendritic eutectic phases consisting of bulky compounds and lamellar Al 4 Sr phase with more continuous manner ( Fig. 3(e) and (f) ). EDS analyses revealed that bulky phase is Mg 13 Al 3 Sr ternary compound as reported by Jing et al. [8] . In a previous study [14] , it has been reported that the type of Sr-related compound in the Mg-Al-Sr based alloys depends on the ratio of Sr/Al concentrations. When the Sr/Al ratio in the alloy is lower than 0.3, only Al 4 Sr can form in the microstructure while the Sr/Al ratio is higher than 0.3, the Mg-Al-Sr ternary phase will appear besides Al 4 Sr phase. Thus, the existence of Mg-Al-Sr ternary phase in the Mg-6%Al-3%Sr alloy with Sr/Al ratio of 0.5 is well consistent with the previous results. XRD patterns in the Mg-6%Al-(3-X)%RE-X%Sr alloys are shown in Fig. 3 . Several peaks corresponding to α, Al 4 Ce and β phases appear in the Mg-6%Al-3%RE alloy, demonstrating that this alloy contains small amount of β phase in combination with α and Al 4 RE as seen in the optical and SEM microstructures ( Fig. 1(a), Fig. 2(a), (b) ). With the increase in Sr content, Al 4 Sr peaks are additionally introduced whereas the Al 4 Ce peaks become gradually decayed due to the decreased RE content. It is noted that the β peaks are not visible in the Sr-containing alloys. 
Tensile properties
Summary
Microstructures and tensile properties at ambient and elevated temperatures were studied by substituting RE for Sr in Mg6%Al-(3-X)%RE-X%Sr alloys (X = 0~3). With increasing Sr content, Al 4 Sr phase with lamellar morphology was newly introduced at interdendritic regions, with a gradual extinction of needle-shaped Al 4 RE. The Mg-6%Al-3%Sr alloy shows dendritic grains and interdendritic eutectic phases containing bulky Mg-Al-Sr and lamellar Al 4 Sr with more continuous manner. The substitution of Sr for RE provided higher YS, UTS and creep resistance at 175 o C, which indicates that Sr would be more beneficial in tensile properties and creep resistance at elevated temperature than RE for the Mg-Al based casting alloys.
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